Objective: To report the incidence, characteristics and outcome of adult inhospital cardiac arrest in the United Kingdom (UK) National Cardiac Arrest Audit database.
Introduction
The treatment of in-hospital cardiac arrest accounts for a significant workload in most acute hospitals in the United Kingdom (UK) and internationally. Despite this, there are no reliable national data to enable accurate determination of the incidence and outcome of in-hospital cardiac arrest in the UK. Data from a single UK general hospital in 1999 documented an incidence of in-hospital cardiac arrest of 3.6 per 1000 admissions (equivalent to 0.3 per 1000 population). 1 A one-off audit undertaken in 1997 of in-hospital cardiac arrest in 49 UK hospitals reported a survival rate to hospital discharge of 17.6% but the number of hospital admissions over the audit period was not documented. 2 A review of in-hospital cardiac arrest studies internationally documented incidences in the range of 1-5 per 1000 hospital admissions but with widely variable survival rates (0 to 42%). 3 4 The median survival rate to hospital discharge for this period was 18.8% (IQR 14.5% to 22.6%).
In the UK, clinical guidelines for the prevention and treatment of cardiac arrest are updated at least every five years. However, the impact of guideline changes and other interventions on the incidence and outcome of in-hospital cardiac arrest can be determined only if these data can be collected consistently and reliably. Data from the AHA GWTG-Resuscitation registry indicate that riskadjusted rates of survival to discharge after in-hospital cardiac arrest have increased from 13.7% in 2000 to 22.3% in 2009 (adjusted rate ratio per year, 1.04; 95% confidence interval (CI) 1.03 to 1.06; P<0.001 for trend). 5 The Resuscitation Council (UK) and the Intensive Care National Audit & Research Centre (ICNARC) have collaborated to establish the UK national clinical audit for in-hospital cardiac arrest: the National Cardiac Arrest Audit (NCAA). 6 The aim of NCAA is to promote improvements in resuscitation care and outcomes through the provision of timely, validated comparative data to participating hospitals.
The aim of this analysis is to report the incidence, characteristics and outcome of adult in-hospital cardiac arrest in the UK National Cardiac Arrest Audit database.
Methods

The National Cardiac Arrest Audit
NCAA is a subscription-based, national clinical audit of patients greater than 28 days of age in acute hospitals in the UK who receive cardiopulmonary resuscitation (CPR) following an in-hospital cardiac arrest and are attended by the hospital-based resuscitation team (or equivalent) in response to a 2222 call (2222 is the emergency telephone number used to summon a resuscitation team in UK hospitals; Figure 1 
Data collection
Standardised data are collected at the time of the cardiac arrest and from the medical records according to strict rules and definitions (Table 1) 
Statistical analysis
The incidence of in-hospital cardiac arrests per 1000 hospital admissions was calculated overall, by hospital and over time. The case mix of patients was described, including age, sex, ethnicity and reason for admission. The frequency of in-hospital cardiac arrests was calculated for day versus night (defined as 8:00
to 19:59 and 20:00 to 7:59, respectively) and weekday versus weekend (defined as Monday 08:00 to Saturday 07:59 and Saturday 08:00 to Monday 07:59, respectively). Median time from hospital admission to cardiac arrest was calculated and the presenting rhythm and location of arrest were summarised.
The rates of return of spontaneous circulation (ROSC), survival to hospital discharge and good neurological outcome were also calculated. A patient was considered to achieve ROSC only if ROSC was sustained for greater than 20 minutes. Neurological outcome was recorded using the Cerebral Performance Category (CPC) scale (Table 2 ) and, in accordance with convention, a CPC of 1 or 2 was defined as a 'good' outcome. Survival to hospital discharge was calculated overall, by cardiac arrest rhythm, by age, for day versus night and for weekday versus weekend. All statistics were calculated using Stata Version 10.1. Table 3 . The mean age was 74 years, 57% of patients were male and the vast majority were of white ethnicity. Over 80% were classified as medical patients. There was no difference in the relative frequency of arrests, per hospital per 12 hours, between night (20:00-07:59; 0.14) and day (08:00-19:59; 0.14) or, per hospital per day, between weekend (0.27) and weekday (0.28).
Results
A total of
Analysis of the time of the cardiac arrest calls shows a peak at 06:00 ( Figure 3 ).
Cardiac arrests occurred a median of 2 days after admission (IQR 0 to 7). Over half (13, 338, 56 .6%) of cardiac arrests occurred on general wards (Table 4) .
Presenting rhythm was shockable (ventricular fibrillation or pulseless ventricular tachycardia (VF/VT)) in 16.9% and non-shockable (asystole or pulseless electrical activity (PEA)) in 72.3% of arrests (Table 5) .
Overall rates of ROSC of greater than 20 minutes and survival to hospital discharge (hospital survival) were 45.0% and 18.4% respectively (Table 5 ).
Hospital survival was higher following VF/VT cardiac arrest (49.0%) than for asystole or PEA (11.4% and 8.7%, respectively -10.5% combined; Table 5 ).
Hospital survival rates varied substantially by presenting rhythm and by hospital (Figure 4 ). Cerebral performance category data was collected on 3857 (92.7%) of the 4153 patients who survived to discharge. Of these patients,, the neurological outcome of 3,759 (97.5%) was documented as CPC 1 or 2. Crude hospital survival suggested worse outcomes for arrests at night (13.8%) than day (23.0%) and for arrests at weekends (16.1%) than weekdays (19.3%). The outcome by age (in ten year groups) is shown in Figure 5 .
Discussion
In 144 UK acute hospitals for the period 1 st April 2011 to 31 st March 2013, the overall incidence of adult in-hospital cardiac arrest, attended by a hospital-based resuscitation team, was 1.6 per 1000 hospital admissions with a median across hospitals of 1.5 (IQR 1.2 to 2.2). Overall unadjusted survival to hospital discharge was 18.4%. Presenting rhythm was shockable (VF/VT) for 16.9% and nonshockable (asystole/PEA) for 72.3%; rates of survival to hospital discharge associated with these rhythms were 49.0% and 10.5%, respectively, but varied substantially across hospitals.
The median incidence of adult in-hospital cardiac arrest for individual hospitals in our study was much lower than the 4.02 per 1000 hospital admissions (IQR 2.95 to 5.65) documented in the AHA GWTG-Resuscitation registry. 4 However, there is a fundamental difference in the scope of the two datasets. NCAA is not a cardiac arrest registry; it is a national clinical audit set up to monitor the impact of the resuscitation team on patient outcome (rather than a register of all known events). To this end, it includes only those in-hospital cardiac arrests that led to attendance by the resuscitation team (in response to a 2222 call). Many cardiac arrests in monitored areas, for example in intensive care units (ICUs), are managed without either a 2222 call or the attendance of the hospital-based resuscitation team and reliable capture of data relating to these events may be considered by NCAA in the future. In our study, 56.6% of cardiac arrests occurred in general wards where most patients are likely to have been unmonitored. This is in marked contrast to the AHA GWTG-Resuscitation registry, which, in the most recently reported period (2007-2009), documented that 84.6% of cardiac arrests occurred in monitored areas. 5 This difference is further compounded by the marked difference between the two countries in the proportion of acute care hospital beds that are ICU beds: 9.0% in the US versus 1.2% in the UK. 7 Despite these differences in scope, unadjusted hospital survival in the UK appears remarkably similar to that reported for adult in-hospital cardiac arrests from the AHA GWTG-Resuscitation registry in 2009 (18.6%). 5 The proportion of cases with a shockable first documented rhythm of VF/VT was similar in NCAA compared with the GWTG-Resuscitation registry (16.9% and 18.5%, respectively). 5 However, unadjusted survival to hospital discharge from a shockable rhythm was higher in the UK (49.0% versus 37.2%). Our findings that unadjusted survival to hospital discharge is worse following cardiac arrest at night compared with during the day, and at weekends compared with weekdays, are consistent with data from the AHA GWTG-Resuscitation registry; 8 however, these data require risk-adjustment before any inference can be made about the potential differences. 9 The wide variation in outcomes from in-hospital cardiac arrest across hospitals also requires risk adjustment; in the US, variation across hospitals was substantially narrower following adjustment. 9, 10 They have also shown an association between the lowest incidence of cardiac arrest and the highest risk-adjusted survival rates. 4 To explore this, and other hypotheses, in the UK a multivariable risk model using NCAA data has been developed and is described in an accompanying paper. 11 The 06.00 peak in the incidence of cardiac arrest is striking and is in marked contrast with an analysis of the GWTG-R registry, which showed no such peak; if anything, the incidence of cardiac arrest at 06:00 is at its lowest. 8 This difference between the two studies may reflect the relatively low proportion of monitored patients in the NCAA dataset compared with those in GWTG-R registry as discussed previously. Thus the morning peak identified in our study probably includes individuals found to be in cardiac arrest when nursing staff attempted to wake them up. Data about whether an arrest is witnessed or not is not included in the NCAA dataset. A peak in cardiac arrests at 06:00 could also be caused by changes in hormone concentrations, blood pressure or intracardiac ion channel opening, all of which appear to change diurnally. 12, 13 Decreasing survival to hospital discharge at older ages is also compatible with results from the AHA GWTG-Resuscitation registry, where investigators have reported that age ≥ 80 years is associated with an odds ratio for hospital survival of 0.57 (95% CI 0.52 to 0.63) compared with the reference age range of 60-69 years. 14 In our analysis, 40.9% of patients were aged 80 years or more at the time of CPR. Survival to hospital discharge for this group was 11.4%.
The strengths of our study are: the large number of hospitals included, representing approximately 60% of acute hospitals in the UK; the standardised data collection according to strict rules and definitions; and the comprehensive data validation, both at the time of entry and when pooled centrally prior to analysis.
Study limitations
A weakness of our study is that although all hospitals log their 2222 calls, this same number is often used for all emergencies (e.g. fire) and we can't be absolutely certain that we have captured all cardiac arrests that fulfill the NCAA inclusion criteria. Another weakness relates to the completeness and accuracy of neurological outcome data. Of the 4,153 survivors to hospital discharge, we have CPC scores for 3,857 (92.9%). We do not know the reason for the missing scores other than failure to follow up patients by the admitting hospitals. We do not know whether these data are collected accurately and consistently and are undertaking a study to evaluate this. The proportion of patients classified as CPC 1 in NCAA is considerably higher than other studies -for example, in 2007-2009, the AHA GWTG-Resuscitation registry reported that 51.3% of hospital survivors were assessed as CPC 1 and 19.5% were CPC 3 or worse. 5 However, data from this registry also shows that in the same period 54.2% of patients were CPC 1 and 18.5% were CPC 3 or worse before their cardiac arrest. Differences in the proportion of patients with CPC scores of 3 or more (both before and after cardiac arrest) may therefore result from differences between UK and US hospitals in the application of do-not-attempt cardiopulmonary resuscitation (DNACPR) decisions.
Conclusion
These first results from the NCAA database describing the current incidence and outcome of adult in-hospital cardiac arrest in UK hospitals will serve as a benchmark from which to assess the future impact of changes in service delivery, organisation and treatment for in-hospital cardiac arrest. The development and validation of a risk model, currently ongoing, will enable more meaningful comparisons across hospitals, between patient groups, and over time. Inclusion of the patient's National Health Service (NHS) number (a unique number for each individual in the UK) in the NCAA database also enables linkage with other patient databases, for example, other national clinical audits, to allow us to better understand the full patient journey and longer-term outcomes. In time, additions to the NCAA dataset will enable evaluation of other potential risk factors (e.g. comorbidities), interventions (e.g. specific drug therapies and post cardiac arrest treatments) and outcomes (e.g. longer-term neurological outcome) both to generate hypotheses and for NCAA to form the platform for large-scale multicentre randomised controlled trials on in-hospital cardiac arrest in the UK.
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